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Abstract 
This paper presents an exercise which aims to stimulate architect students’ creativity, raise awareness on architectures’ formal 
possibilities based on geometric shapes and to illustrate how the theoretical knowledge can be practically applied on a certain 
architectural program. As basic information for this exercise, the types and the features of the main structural geometric forms  
are enumerated while student work exemplifies their use in a particular case.     
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1. Introduction 
By definition, the term “form” describes the shape and structure of an object. In architecture, from a formal point 
of view, the shape of the designed object can be, on the one hand, a singular form with precise or accurate 
indentifiable geometric features, and, on the other hand, can also come as a result from a spatial combination of 
various shapes.     
For an architecture student, the study of form and how he/she can operate with it must take place in the early 
years of formation in order to raise awareness of the formal possibilities and to stimulate creativity. Taking into 
consideration that there is an infinite number of shapes, the student will be presented a limited range of forms which 
are often employed in the field of architecture. Thus, the starting point of the study will analyze each category, 
underlining the constructive elements and the relation between them, criteria for classification and some ways of 
using them in architectural practice. This part encompasses basic theoretical information that will be used in the 
practical exercise called “Structural forms” carried out at the Faculty of Architecture in Timisoara in the second year 
of study of the Bachelor programme. Throughout this exercise, the student observes and filters, in his own way, the 
images he or she sees, makes intuitive connections and can cover all kinds of forms. He/she will try to solve the 
structural dilemmas within each category of shapes and will also try not to control the form so that it fits the ideal 
structure and function, attempting to find a free plastic expression of architecture. 
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2. Structural geometric forms 
In order to design complex objects, an architect must be able to operate with basic forms which automatically 
implies that he/she has a minimum amount of knowledge about the basic geometric shapes and their characteristics. 
There is an infinite number of shapes, but for this exercise only seven types are being studied: polyhedral forms, thin 
curved slabs, ruled surfaces, suspended structures, pneumatic structures, helical surfaces and transformed or 
composed forms. The reason why the study focuses only on these geometric forms is that they all have in common a 
structural feature which can be used in generating architectural objects.         
2.1. Polyhedral forms 
The shape of the polyhedral forms is characterized by a multitude of straight surfaces and edges. Polyhedral 
forms comprise the approximation of a curved surface with a polyhedron highlighted by surfaces and edges(Pottman 
H.). These types of geometric forms can be classified using the following criteria: 
• Geometrical – the basic form can be regular, semi-regular or irregular 
• Position in space – the relation between the shape and a supporting plane 
• Three-dimensional equipartition – using regular or semi-regular polyhedron 
• Three-dimensional relation – with identical or different forms, through extraction or intersection, resulting 
in complex shapes 
• Structural – folded, tetrahedral, pyramidal and faceted structure 
 
Thin, curved slabs 
The structures made of thin, curved slabs are also known as membranes, fabrics, free-standing surfaces or shells. 
Their thickness is insignificant; the enclosed volume is the same with the exterior shape. The architectural value of 
these forms reside in the balance between scope, durability, aesthetic and economic aspects. In contrast with the 
massive structures that rely on the quantity of the material, the membrane structures use the shape itself, which gives 
fastness to the structure. Moreover, these types of structures imply a rational use of construction materials and are 
lighter. The categories of curved slabs result from the type of the curvature and the surface generation method. The 
curvature can be positive, void, negative or mixed while the generation method is revolution, cyclic, translation or 
ruled. 
 
2.2. Ruled surfaces 
Ruled surfaces have two main elements: the generatrix and the directrices. The generatrix is a straight line that 
generates the ruled surface and is placed on three directrices which are curved lines. Ruled surfaces can be divided 
into two main categories: single – curved surfaces and wrapped surfaces. 
The former can be unfolded onto a plan, without having superposed or torn parts. The latter are characterized by 
the variation of their tangent plan. At any new position of the point on the generatrix, there is a new tangent plan to 
the surface. Wrapped surfaces can also be classified into several subcategories according to the placement of the 
straight line which generates them. 
 
Suspended structures 
Suspended structures use the tent principle. The component elements of these structures are steel cables, 
supporting poles or frames and the roof covering which can be flexible, semi-rigid or rigid. Depending on the types 
of elements used and the way they are combined, one can identify several formal categories of suspended structures  
• Cables and rigid plane plates – with concrete or metal plates hanged by steel cables; 
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• Single-curved – usually with a cylindrical form; 
• Network of cables disposed on two or more directions – having opposite curvatures and semi-rigid cover 
made of plastic, supported on plane or curved contours, on cables, on arcs and cables or in three-
dimensional variants; 
• Tensile canvases – supported or hanged by cables; 
• Tensegrity – a rigid spatial structure. 
Pneumatic structures 
This type of structures include air amongst structural materials which becomes a supporting structural element 
due to the difference in pressure levels between two adjacent environments, separated by a thin fabric, always being 
subdued to tensile forces.  
The pneumatic structure is composed of the membrane with steel cables and the base ring where the air-blowers 
are fixed. When the compressed air is pushed inside, the membrane is inflated and the steel cables get tensile, 
pulling the anchorages from the compressed ring. The air pressure supports the weight of the membrane and stiffens 
it, making it rigid enough to support the suction forces created by winds. The interior is used both for extending the 
membrane and for anchoring the cables. From a structural point of view, pneumatic structures can be (Figure 5): 
• Simple – with a single alveoli; 
• Double – with polygonal contours, covering a space with one or more spatial elements; 
• Ribbed – using the rigid tubes concept. 
 
 
 
 
 
 
 
Figure 1. Simple, double and ribbed structures (C. Dumitrescu) 
2.3. Helical surfaces 
Helical surfaces or coils are surfaces generated by a C curve which moves along a spiral axis. The helical surface 
can be straight or inclined. The former is generated if the generatrix is contained in a perpendicular plan on the axis 
and the latter when the plan is otherwise. There are two types of coils (Figure 1): 
• With a cylindrical nucleus- generated by a line which is supported by a helix and is tangent to the cylinder 
• Without a cylindrical nucleus – generated by a line which is supported by a helix and intersects the axis in a 
constant angle  
In architectural practice, the helical surfaces are widely used in the design of stairs, helicoidal ramps, furniture 
items etc.  
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Coil with and without a cylindrical nucleus (C. Dumitrescu) 
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2.4. Transformed or composed forms 
The conversion of the geometrical shapes presented above intends to obtain singular forms whose initial 
characteristics can be easily identified or composed forms acquired with the juxtaposition of several basic shapes.  
The first principle of transformation consists of choosing a basic geometric form and altering it using different 
operations to the extent that its formal and structural characteristics are still recognizable. The operating methods 
can be classified into (Figure 3): 
• Proportion transformation – the modification of one or more dimensions, but keeping the original shape 
• Extractions and/or additions -  
• Geometrical transformations- using translation, rotation, rototranslation or homology 
• Intersections – a basic volume is intersected by other volumes. 
 
 
 
 
 
 
 
 
 
Figure 3. Proportion transformation, extractions, additions, geometrical transformation, intersections (C. Dumitrescu) 
 
 On the other hand, the second transformation principle operates in terms of addition with basic volumes which 
have the same morphology. In this case, the relations established between them differ according to the way they 
interact and to their spatial disposal. 
3.  “Structural forms” exercise  
In architecture, didactics is a subject with a practical, applied feature which forms habits and competencies for 
the future architects.  
The Faculty of Architecture in Timisoara carries out, among the general training subjects, in the first years of 
study, a “Study of Form” course and seminar – a second year subject which covers two semesters. The course aims 
to train the student in building up his or her three-dimensional perception and to correctly relate to simple or 
complex forms, both in 2D and 3D coordinates. The first exercise in the second semester called “Structural forms” is 
used to apply a series of forms, studied in “Geometry of Architectural Forms” course during the first academic year, 
on to an architectural function. This architectural programme is different every year. The students have to choose 
four out of the seven formal categories enunciated above and have to apply them to their project. The choice they 
have to make is conditioned by solving some issues:  
• documenting the proposed architectural program;  
• knowing the characteristics of the studied structural forms in details; 
• fitting the requested architectural program which has certain dimensional and functional requirements into the 
chosen structural form;  
• outlining fixed, structural and variable elements which give the specific feature to the chosen form (in space 
and time);  
• outlining preferences towards certain categories of forms, meant to outline their creative personality and 
form a personal architectural style. 
This exercise is a reference point in the professional training of the architecture student who, in this way, 
discovers the diversity of the architectural forms in direct relation to their structure. Later on, during the last years of 
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study or during the real projects, he/she will have this diversity at his/her disposal when dealing with complex 
buildings. 
The exercise consists of a hand drawing on paper having the dimensions 60x60cm on which the student 
represents graphically four design solutions for the architectural programme using the above-mentioned formal 
categories. The four proposals use the same contour which is highlighted in every horizontal and axonometric view. 
Moreover, the paper is accompanied by a scale model having the pedestal of 30x30cm made of materials that are 
easy to obtain, as it can be seen in the illustrative part of the present paper. 
4.  Student work 
Several examples of student drawings from the past two years are presented in the illustrative part of the paper. 
They present design solutions given by students to the requirements of the assignment, using the above mentioned 
structural geometric forms. As it can be clearly seen, there are certain graphic requirements to outline the proposed 
solutions.  
5. Recommendations 
In order to achieve high-quality design solutions and to assure the assimilation of a minimum amount of 
information regarding the geometry of architectural forms , the following aspects should be taken into consideration: 
• Given that this exercise should take place in the first years of formation, the representation of the paper 
should use hand drawings. The reason for this requirement resides in the fact that before and during the 
act of hand drawing, one visualizes and anticipates the outcome more easily than while working with 
computers; 
• The hand-drawn paper must be accompanied by a scale model of one of the four design solutions in 
order to verify the correct use of the geometrical forms mentioned above; 
• The guidance throughout the exercise must combine both solving functional and aesthetic problems 
concerning the structural form and overall design of the students’ projects; 
• Preliminary study of built examples that are relevant to the formal categories should be undertaken; 
• The data for the architectural programme selected for design study should specify only the major 
functional areas accompanied by a functional scheme so that the student could understand correctly the 
relations between them. 
6. Conclusions 
The success of this proposed exercise can be evaluated in two stages: firstly, at the end of the exercise when the 
outcome is presented and secondly, during his/her practice as an architect. When dealing with this exercise, architect 
students acquire several skills: 
• Ease in operating with the components of the architectural design: form-function-structure; 
• Awareness regarding the possibilities in which the architectural forms adapt to the structural characteristics 
enunciated above; 
• Increased three-dimensional perception of forms acquired while working on the scale model; 
• Acquirement of a basic technical language that will facilitate future collaboration with the structural 
engineers.  
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